The uranium adsorption performance of five resins (Dowex 1,, , Purofine PFA600/4740, and ResinTech SIR-1200) were tested using unspiked, nitrate-spiked, and nitrate-spiked/pH adjusted source water from well 299-W19-36. These batch tests were conducted in support of a resin selection process in which the best resin to use for uranium treatment in the 200-West Area groundwater pump-and-treat system will be identified. The results from these tests are as follows:
• Lowering the pH of the high nitrate test conditions from 8.2 to 7.5 did not significantly change the uranium adsorption isotherms for the four tested resins. The K d values for these four resins under high nitrate (1338 mg/L), lower pH (7.5) ranged from ~15,000 to 80,000 ml/g.
• Higher nitrate concentrations greatly reduced the uranium adsorption on all four resins. Tests conducted with unspiked (no amendments; nitrate at 337 mg/L and pH at 8.2) source water yielded K d values for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 resins ranging from ~800,000 to >3,000,000 ml/g. These values are about two orders of magnitude higher than the K d values noted from tests conducted using amended source water.
• Compared to the fresh resin, the regenerated Dowex 21K 16-30 resin exhibited significantly lower uranium-adsorption performance under all test conditions. The calculated K d values for the regenerated resin were typically an order of magnitude lower than the values calculated for the fresh resin.
• Additional testing using laboratory columns is recommended to better resolve differences between the adsorption abilities of the resins and to develop estimates of uranium loading on the resins. By determining the quantity of uranium that each resin can adsorb and the time required to reach various levels of loading, resin lifetime in the treatment system can be estimated.
v [EPA et al. 2008] ). This action is being performed in accordance with the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1989) . The treatment design is based, in part, on the removal of selected contaminants of concern using various sorbent media. CHPRC asked Pacific Northwest National Laboratory (PNNL) to perform treatability testing to quantify the ability of selected ion-exchange (IX) resins to adsorb uranium from groundwater in the Hanford Site's 200-West Area.
Acronyms and Abbreviations
Laboratory sorption experiments included batch tests from which the sorption characteristics of each of the IX resins were quantified. Using IX resin samples and groundwater provided by CHPRC, PNNL researchers tested five IX resins using batch techniques. The batch isotherm tests were conducted according to the approved test plan (CHPRC 2010).
The goals of the batch testing were as follows:
• Confirm that the IX process will remove uranium from groundwater at well 299-W19-36 in the 200-UP-1 OU.
• Identify suitable IX resins for possible use in the new 200-West Area pump-and-treat system.
• Determine the uranium-loading capacity of these resins and the potential loading of other radionuclides and non-radionuclide constituents that may affect uranium removal or disposal of spent resin.
• Measure IX resin performance when the pH of the groundwater is lowered by 0.5 standard units.
• Determine the effect of increased nitrate concentration (approximately 1400 mg/L) of uranium adsorption on IX resins.
Batch testing involved preparing the IX resins and groundwater (including adjusting pH and nitrate concentrations in the latter), performing contact tests, analyzing solutions, compiling data, and reporting results. The ensuing sections of this report describe the experiment, summarize the results of batch isotherm tests, and provide related conclusions.
2.1

Experiment
Material Preparation
Ion Exchange Resin
The as-received ion exchange materials were prepared by first centrifuge washing two times with deionized distilled (DD) water to remove any soluble contaminants accumulated during storage. Next, the resins were soaked in DD water for 2 hours to ensure proper hydration. After hydration, the excess water was decanted, and the resins were stored wet until needed.
Source Water
The source water from well 299-W19-36 was analyzed for pH, alkalinity, sulfate (SO 4 ), nitrate (NO 3 ), uranium, and technetium-99. The pH of a portion of well 299-W19-36 source water was lowered by 0.5 standard units using 0.1N HCl for use in batch tests to examine the effect of lowered pH on uranium adsorption. The nitrate concentration of another portion of source water was enhanced to ~1400 mg/L to test the effect of higher nitrate concentrations on adsorption of uranium. Unspiked source water (natural nitrate concentration) was used for another set of batch isotherm tests.
Batch Isotherm Tests
Batch isotherm tests were conducted using the standard practice for determining adsorption isotherms for IX resins (as suggested in Application Information -DOWEX Ion Exchange Resins; Equilibrium Isotherm Testing for Liquid Phase Applications (DOW 1997) as a guide with modifications to comply with the U.S. Department of Energy (DOE) principle of limiting radiation dose to as low as reasonably achievable (ALARA). Therefore, the mass of resin and solution volume used in each batch contact was reduced to minimize waste volume. The following resin-to-solution ratios were used in most of the batch isotherm tests:
• Ratio #1 -0.25 g resin/50 ml solution
• Ratio #2 -0.50 g resin/50 ml solution
• Ratio #3 -0.75 g resin/50 ml solution
• Ratio #4 -1.00 g resin/50 ml solution.
The test matrix is shown below in Table 2.1.
All batch adsorption tests were conducted for 18 hours. During that time, the centrifuge tubes were agitated continuously so the IX resin and groundwater remain well mixed. This was done in a SHEL Lab shaking incubator at 250 RPM and 18°C. After the required contact time of 18 hours, the tubes were centrifuged in a Thermo Centra GP8R centrifuge for 15 minutes at 2500 RPM. A 0.45-μm syringe filter was then used to separate the groundwater from the IX resin, and a 10-ml aliquot was taken for uranium analysis. See Appendix for description of analysis procedure. The batch-testing procedure was repeated for each IX resin sample, as described in 
High Nitrate Tests
The high nitrate batch isotherm tests were conducted by measuring appropriate quantities of IX resin products into a set of labeled centrifuge tubes. The required volume (50 ml) of nitrate-spiked (~1400 mg/L) source water from well 299-W19-36 was added to achieve the appropriate resin and solution ratios as specified in Table 2 .1. The adsorption tests were conducted as specified in Section 2.2.
High Nitrate-Low pH Tests
The high nitrate-low pH batch isotherm tests were conducted by measuring appropriate quantities of IX resin products into a set of labeled centrifuge tubes. The required volume of nitrate-spiked (~1400 mg/L), pH-adjusted (lowered by 0.5 pH units) source water from well 299-W19-36 was added to achieve the appropriate resin and solution ratios as specified in Table 2 .1. The adsorption tests were conducted as specified in Section 2.2.
Low-Nitrate Tests
The low-nitrate (as received) batch isotherm tests were conducted by measuring appropriate quantities of IX resin products into a set of labeled centrifuge tubes. The required volume of source water (without any nitrate spiking and pH adjustment) from well 299-W19-36 was added to achieve the appropriate resin and solution ratios as specified in Table 2 .1. The adsorption tests were conducted as specified in Section 2.2.
Duplicate Tests
After the initial test sets were complete, CHPRC reviewed the data and selected isotherms for duplicate runs.
ResinTech SIR-1200 -Low Nitrate
The duplicate batch isotherm tests for ResinTech SIR-1200 were conducted by measuring appropriate quantities of IX resin products into a set of labeled centrifuge tubes. The required volume of source water 2.3 (without any nitrate spiking and pH adjustment) from well 299-W19-36 was added to achieve the appropriate resin and solution ratios as specified in Table 2 .1. The adsorption tests were conducted in accordance with Section 2.2.
Dowex 21K Regenerated -High Nitrate
The duplicate batch isotherm tests for Dowex 21K (regenerated from 100 Area tests) were conducted by measuring appropriate quantities of IX resin products into a set of labeled centrifuge tubes. The required volume of nitrate-spiked (~1400 mg/L) source water from well 299-W19-36 was added to achieve the following resin and solution combinations:
• Ratio #1 -0.01 g resin/50 ml solution
• Ratio #3 -1.00 g resin/50 ml solution
• Ratio #4 -2.00 g resin/50 ml solution.
The adsorption tests were conducted in accordance with Section 2.2.
3.1
Results
Source Water
The results of the initial analyses of source water from 299-W19-36 used in the batch isotherm experiments are listed in Table 3 .1. Spiking with nitrate and pH adjustments did not significantly change the technetium-99 concentrations.
High-Nitrate Tests
The results of the batch isotherm tests for all five ion-exchange resins are listed in Tables 3.2-3.6 and displayed graphically in Figures 3.1-3 .6. The parameters derived from Langmuir isotherm fit to these data are listed in Table 3 .7.
Data from the high-nitrate (1331 mg/L) tests indicated that the uranium adsorption performance of Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 were similar (Tables 3.2, 3.3, 3.5 and 3.6). At the lowest resin-to-solution ratio, the uranium adsorption for these four resins typically ranged from 32.00 to 33.75 µg/g, and at the highest resin-to-solution ratio, it ranged from 8.24 to 8.49 µg/g, respectively. The calculated distribution coefficients (K d ) for these four resin ranged from ~15,000 to 94,000 ml/g. The adsorption isotherms for these exchange resins fit the Langmuir equation with predicted maxima of 84.87, 57.3, 44.41 and 44.57 µg/g for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200, respectively (Table 3.7).
Compared to the Dowex 21K 16-30 (fresh resin), the regenerated form of this resin exhibited diminished uranium-adsorption performance. Depending on the resin-to-solution ratio, the final uranium concentrations in contact with the regenerated resin were 5 to 30 times higher than the concentrations measured in solutions in contact with the fresh resin (Tables 3.3 and 3.4) because of differences in adsorption capability. The adsorption isotherm for the regenerated resin was linear within the tested 3.2 range of resin-to-solution ratios (Figure 3. 3) and the K d ranged from ~2,000 to 4,000 ml/g (Table 3 .4), reflecting its attenuated performance characteristics compared to the fresh resin. 3.8
High Nitrate-Low pH Tests
The results of testing with high nitrate (1338 mg/L) and lowered pH (7.5) adjusted source water are listed in Tables 3.2-3.6 and graphically displayed in Figures 3.1-3 .6. The Langmuir parameters for the isotherms are tabulated in Table 3 .7.
The data resulting from these set of tests did not differ significantly from the high-nitrate isotherm test (previous section). At all four resin-to-solution ratios, the observed uranium adsorption for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 resin were similar (Tables 3.2, 3.3, 3.5 and 3.6) . The K d for these four resins ranged from ~15,000 to 82,000 ml/g. The adsorption maxima predicted from Langmuir equation fits to the data for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 resins were 45.11, 48.27, 44.61, and 44 .37 µg/g, respectively (Table 3 .7).
Also in these tests, the uranium-adsorption performance of regenerated Dowex 21K 16-30 resin was noticeably different than the performance of the fresh resin. First, depending on the resin-to-solution ratio, the final uranium concentrations in solutions contacting the regenerated resin were 5 to 30 times higher than the concentrations measured in solutions in contact with the fresh resin (Tables 3.3 and 3.4) . Within the tested range of resin-to-solution ratios, the regenerated resin exhibited a relatively linear relationship between the mass of uranium adsorbed per unit mass of resin and the final uranium concentrations in the contact solution (Figure 3.3) . The K d for this regenerated Dowex 21K 16-30 resin ranged from ~1,800 to 3,800 ml/g (Table 3 .4), which are an order of magnitude lower than the K d values for the fresh resin.
Low-Nitrate Tests
The results of testing with as received source water (nitrate concentration 317 mg/L) are listed in Tables 3.2-3.6 and graphically displayed in Figures 3.1-3 .6. The Langmuir parameters for the isotherms are listed in Table 3 .7.
The data resulting from these tests indicated that the uranium-adsorption performance of all resins was significantly better than the results obtained from the high-nitrate concentration source water. The K d for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 resins ranged from ~800,000 to 5,600,000 ml/g. These K d values are one to two orders of magnitude higher than the values observed when the source water contained high-nitrate concentrations, indicating that enhanced concentrations of nitrate in the source water has an inimical effect on the uranium-adsorption performance of these resins. The adsorption maxima predicted from Langmuir equation fits to the data for Dowex 1, and Dowex 21K 16-30 (fresh) resins were, 84.9 and 42.4 µg/g, respectively (Table 3 .7). The uraniumadsorption data for Purofine PFA600/4740 and ResinTech SIR-1200 could not be fit due to lack of data points in the non-linear parts of isotherms.
Compared to the fresh resin, the regenerated Dowex 21K 16-30 resin exhibited attenuated uraniumadsorption performance with K d values ranging from 15,000 to 34,000 mg/g. which are about an order of magnitude lower than the values calculated for the fresh resin. The adsorption isotherm for the regenerated Dowex 21K 16-30 resin was linear, so its adsorption maximum could not be ascertained (Figure 3. 3).
4.1
Conclusions
The uranium adsorption performance of five resins (Dowex 1, , Purofine PFA600/4740, and ResinTech SIR-1200) were tested using unspiked, nitrate-spiked, and nitrate-spiked/pH adjusted source water from well 299-W19-36. The results from these tests are as follows:
• The data from the high-nitrate (1331 mg/L) tests indicated that the uranium-adsorption performance of Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 all adsorbed uranium similarly well with K d values ranging from ~15,000 to 95,000 ml/g. The predicted uranium maxima for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 using the Langmuir equation were 43.40, 57.3, 44.41 and 44 .57 µg/g, respectively, and would be considered suitable for use in the treatment system based on uranium adsorption characteristics.
• Lowering the pH of the high nitrate test conditions from 8.2 to 7.5 had no significant affect on uranium adsorption for the four tested resins. The K d values for the four resin ranged from ~15,000 to 80,000 ml/g. The predicted uranium maxima for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 using the Langmuir equation were 45.11, 48.27, 44.61, and 44 .37 µg/g, respectively.
• Higher nitrate concentrations greatly reduced uranium adsorption on all four resins. Tests conducted with unspiked (no amendments; nitrate at 337 mg/L and pH at 8.2) source water yielded K d values for Dowex 1, Dowex 21K 16-30 (fresh), Purofine PFA600/4740, and ResinTech SIR-1200 resins ranging from ~800,000 to 3,000,000 ml/g. These values are about two orders of magnitude higher than the K d values noted from tests conducted using amended source water. The adsorption maxima predicted from the Langmuir equation fits to the data for Dowex 1, and Dowex 21K 16-30 (fresh) resins were, 84.9 and 42.4 µg/g, respectively. The uranium-adsorption data for Purofine PFA600/4740 and ResinTech SIR-1200 could not be fit due to lack of data points in the non-linear parts of the isotherms.
• Compared to the fresh resin, the regenerated Dowex 21K 16-30 resin exhibited significantly lower uranium-adsorption performance under all test conditions. The calculated K d values for the regenerated resin were typically an order of magnitude lower than the values calculated for the fresh resin. All isotherms for the regenerated resin did not conform to a Langmuir-type adsorption model.
• Additional testing using laboratory columns is recommended to better resolve differences between the adsorption abilities of the resins and to develop estimates of uranium loading on the resins. By determining the quantity of uranium that each resin can adsorb and the time required to reach various levels of loading, resin lifetime in the treatment system can be estimated. 
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